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PBOVISIONAL SPECIFICATION 
Improvements m Tubular Heat Exclaamge Apparatus 



I Edwabd Eeank Spanker, of 13, 
Shooters Hill Road. Blaekheath, London, 
S E.3 British, do hereby declare the 
nature of this invention to he as 
5 follows: — ... . , 

This invention is concerned mth. tubu- 
lar heat exchange apparatus, in. which heat 
transfer is required hetween hot ana cold, 
fluids, and particularly with boiler or 
10 waterheater smoke tuhe B or iretubes 
through which hot gases are passed from 
the furnaces of direct-fired boilers, or from 
other sources of hot gases such as the ex- 
haust ga s from gas engmes or Diesel 
15 engines, and has for its object m such 
cases improvement of the rate qi heat 
transfer from the hot gases within the 
tuibe B to water surrounding these tubes. 
The invention is carried into effect by 
20 providing one or more plain, stepped, or 
tapered spiral grooves alonff the whole or 
part of the length of each tube, the spiral 
grooves being formed by pressing the wall 
of the tube inwards towards the axis oi 
25 the tube. These inwardly pressed grooves 
force the gas to tahe a partially spiral 
path in passing from one end of the tube 
to the other and also to come into more 
intimate contact.with the wall of the tube 
30 wherever the stream of gas is forced by 
its speed of flow across the line of the in- 
wardly pressed groove. . An additional 
beneficial effect is secured when the 
■ ■ orooves are deepened in a stepped or 



tapered manner and/ or modified in angle 35 
and direction of pitch towards the exit 
end of the tuibe, by reason of "the fact that 
the available area of the passage through 
the tube is gradually restricted, thereby 
causing the speed of flow of the gas -to The 40 
maintained or even accelerated although 
the volume of the gas is reduced due to its 
loss of temperature. _ 

mere desired, the invention also pro- 
vides for the inclusion within "the tube ot 45 
a plain or twisted strip of metal to serve 
as an additional agent for promoting 
turbulence in the gas flow, and ahso to 
afford support to the tube from the inside 
when it is subjected to external water 50 

PT it S1 should be noted that in addition to 
the cases already mentioned the invention 
is also of value in ga 3 fired hollers having 
an individual jet to each tube. m 55 

The great advantage of the invention is 
that a given heat transfer can be secured 
with shorter tubes and therefore a shorter 
and lighter boiler or heat exchange unit, 
Further, the rate of heat transfer per bU 
square foot of tuhe surface is brought 
nearer to a constant figure from one end 
of the tuibe to the other, thus improving 
the technical efficiency. 



Dated this Seventeenth day of October, 
1938 ' E. F. SPANNER. 



COMPLETE SPECIFICATION 
foprorifaurits in Tubular Heat Exclnamge Apparatus 



65 I, Edwabd EnAKK Spanker,- of 13, 

• Shooters Hill Road, Bladtheatk, London, 
S.E.3. - British, do. hereby declare the 
nature of this • invention and in what 
manner the same is to be performed; to 

TO he particularly described .and ascertained 
in and by. the following statement;--. 

TMs invention is concerned with tubu- 
lar heat exchange apparatus in which heat 
transfer is required between hot and cold 

75 fluids and in which the hot fluid i.e. gas 
or liquid is passed from an inlet chamber 
to an outlet chamber, through a multi- 



plicity of straight tubes expanded into 
tu!he plates at the ends of a shell contain- 
ing or confining the cold fluid i.e. gas or 80 
liquid, to which heat is to be transferred. 

Efficiency of heat transfer is dependent 
upon bringing all parts of the hot stream 
of fluid passing through each individual 
tube into intimate contact with the wall ob 
of that tube, and in preventing " coring *' 
of the hot fluid i.e. passage of a central 
core of hot fluid along the tube, from the 
wall of which it is separated by outer 
layers of cooler fluid. Such coring is par- 9ft 
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■heat transfer when the hot fluid is B smT 
In apparatus of normal practice 
R ^ ro ^d straight tubes! there is ! 
5 short portion of tube near th e Met end 

wTSe ST "ft* 4 timeS t^*out 6 



5ft" S *f *•*" SUci 38 occur 
*JK x^ eep « n)n » °f too-small a 
pitch, (b) that there shall be no undue re- 
duction of strength of the tube Sit 
external pressure such as would occur" with 70 

it should be a simple and straightforward 
matter thomiin-fil-n- i .t „ iU ™«*ra 



the rateof ie^S^ffS Sft^ft be a and ^tJorward 

of the turbulence which S^in S S a S er to. wire brusn the inside 

10 region as th e result of the fluid har£ " ' 

suddenly been accelerated in a confS 
manner while entering the tube, 
ft,- Ai * urbuleilc e does not persist beyond 
15 S^ff* 06 . and ^ P««««t invention 
15 artificially reinstates and accentuafethS 
condition of turbulence before coring S 
commence, by providing that eaclTtube 
according to this invention shall bave 
pressed mto it two or more grooves these 

?nf£Ti ?-° Ut t tlm x es to abou * 6 times the 
internal diameter from the inlet end of 

i, V? f ' i 11 / beUlS carried aloil ff the tube 

25 three diameters of the outlet end. 

„ ™ ft * te ^ fllI i d bein S dealt with is 
accentuate turbulence. It i s well known 
thai gas contracts very rapidly with re- 

30 duction m temperature. Also that ex- 
change of heat between a hot gas flowing 
along a tube and the -wall of*hat tuhe 



/rf ft /rC **• J * oru sn tUe msid, 
of the tube using spiralled brushes of or- 
dinary commercial standards. The inven- 76 
tion S ecure 3 that these several requirt 
ments shall be satisfied by providing that 
the maximum depth of the groove, Tshall 
not exceed about £th the external diaine- 

™™ ^AV^ tbat tbe P^n «f the 80 
grooves should be between 6 and 8 times 
theinternal tube diameter i 

mere there is a very high temperature 
at the inlet end of the tube and conse 
quentiy a very considerable change in den- 85 
sity ot the g as between inlet and outlet 
the invention provides that a plain strip 
of metal o r one twisted in the opposite 
direction to the spiral grooves may b e in! 
troduced along the length of the tube for 90 
the purpose of conducting some of the 
heat from the inlet end of the tube to! 
wards the outlet end where the heat mav 
again be given back to th e hot ga s and 
then be transferred to the tube wallah 95 

35 taac^ ifft SSSfi.** ^ * ^ » • ^ 

The present invention secures that the- ftf FHF' "\ tb : e case of tot 8**, 100 

W velocity of flow of the gas relative whJ ^V^ 36 d T ces fal1 * off some: 

to the wall of the tub e shall be preventld velociW ^V* J 0 ?* oi tbe liue ar 

from falling off, although t h e gas i s be£„ 2* Stol^ *£ e ttven tion provides 

40 cooled and reduced in voluml as it passes lf ?h*\ t d ? md > ^number and size 

along the length of the tnbe from inlet to ll ^ be s. *nosen s hall be such that the 105 
exit by providing that the aepTh of the of , ^\ flow alo »e tube 

spiral grooves shall K~ Z.__ I, e |* lts entrance shall be not less than 60 



4<r SSf ^f^ 8 tbe °iter ends, either in a 

that the number of turns of the spirals 
per unit length of the tube shall bXte 
^•eater towards the outlet end of the tube- 
=50 K V 8 at • i H u J le t end; or that both of 
00 these devices shall be used together for 



feet per second. 
fcJw ^f 11 * 1011 a PPlies to all hinds of 

«S"^""r Br . f^ aratu ?. ^ whick hot 110 
gases or liquids pass through tubes sur- 
rounded by cold gases or°liquids and 
equally to cases in which cold gases or 
Wds pass through tubes surrounded by 
hotgases or liquids . It is immaterial also 116 



- — — au.au. ue usea Togetner for w n.oo„ „ v Zr"*° ■ »«*"»uuaeti dv 

the purpose of securing the obiects K fcH?"?* f r hquids , ft » immaterial also 

set forth. The invention Tso provides ?T ^ 6 °T es tbe ^ of- hot-gas 

« ? f ty^ence promoted in the flow of the S Sft^"*!^ eombustion taking 

55 hot fluid, the direction of rotation £ .the end ^ *• **• itself at * e «rt 
spiral grooves may be changed alon«t the L„ A , . 120 

length of the tube, if desirld and LthS Tr*?^ *° ^ attached drawines 

for simplicity of manufaSure; the sp^nii iS^t^^^ ™ <*■ 

grooves may be interrupted-that is mad« ^ft^f-* 0 ^ 1 ^™ 1 * 1 ^ in which A 



* » — oi iuauuiacture, tne spiral !m^i.Vr 3" . ^ V1C,W 01 a 
grooves may be interrupted— thaVis made f s ftf + f *° ^M ventimi » in whi 
60 in short lengths. * s made 15 $ 6 tube A a ? d 000 ar * the grooves 

^Vir^^ 11 *^**^ depth and * " W " ""^ 

Pitch of the spiral grooves should L care- 

tully chosen in order that (a) there shall 
• be no undue increase in the Amount of re- 
65 sistance offered to the passage of the gas 



ftFi!!?*!? « OT °ss "section "across 125 

the tn,be shown m Figure 1 on the line S 
figure 3 shows an outside view 0 f a tub; 
A according to thi s invention, in which 

ft! ^ 0Ve ?i5 et deeper aIoil ff length of 
the tube, the groove at F being leeper 130 



than tiie groove at E and the groove at E 
deeper than the groov at D. 

Sections of the tube at oa and hh are 
shown in Eigure 4 and Figure 5 respec- 
6 tively. 

Eigure 6 shows the outside of a tube A 
according to this invention in which the 
distance between the grooves QG towards 
the entrance to tiie tube is greater than 
10 the distance between the similar grooves 
HH towards the end of the tube. 

Figure 7 shows a tube A in accordance 
with the invention in which the direction 
of rotation of the spiral groove changes 
15 along its length. 

Figure 8 shows a tube A according to 
this invention in which the spiral grooves 
L are interrupted i.e. made in short 
lengths. 

20 Figure 9 shows a longitudinal cross sec- 
tion through a tube A according to the 
invention provided with grooves CC, and 
having along its length, within the tube, 
a twisted element M. 

25 t A cross section of this tube along* the 
line aa is shown in Figure 10. 

In all these drawings it will be under- 
stood that the number of grooves provided 
in the^ tube may "be two or more. 

30 Having now particularly described and 
ascertained the nature of my said inven- 
tion, and in what manner the same is to 
be performed, I declare that whait I claim 
js: — 

35 1. A straight tube for use in heat ex- 
change apparatus having at the inlet end 
a plain length, of tube of from about 4 
times to 6 times the internal diameter of 
the .tube followed by a length of tuibe 

40 having two or more spiral grooves in- 
wardly pressed into it and continuing 
along its length to a point within 2 to 3 
diameters of the outlet end. 



2. A straight tu'be as claimed in Claim 

1 in which, the spiral grooves axe increased 45 
in depth ither gradually or in a series of 
steps towards the outlet end of the tube. 

3. A straight tube as claimed in Claim 
1 in which spiral grooves axe decreased 

in pitch either gradually or in steps to- 60 
wards the outlet end off the tube. 

4. A straight tube as claimed in Claims 
1, 2 or 3 in which the direction of rotation 
of the spiral grooves is changed along the 
length of the tube. " " 55 

5. A straight tu«be as claimed in Claims 
1, 2, 3 or 4 in which the spiral grooves 
are interrupted, that is made in short 
lengfehs. 

6. A straight tube as claimed in Claims 60 
1, 2, 3, 4, or 5 in which the maximum 
depth of the (grooves does not exceed about 
one-eighth the external tuib e diameter. 

7. A straight tube as claimed in Claims 

1, 2, 3, 4, 5 or 6 in which the pitch of the 65 
spirals lies between about 6 and 8 times 
the internal diameter of the tube. 

8. A straight tube as claimed in Claims 
I, 2, 3, 4, 5, 6 or 7, in which a plain or 
contrary-twisted strip of metal is intro- 70 
dnced within the tube running along its 
length. 

9. Straight tubes ais claimed in Claims 
1, 2 t 3, 4, 5, 6, 7 or 8, so chosen in num- 
ber and ske, in. relation to the stream of 75 
gas to be -dealt with, that the linear 
velocity of ga s £W along the tubes at the 
entrance is not less than 60 feet per second. 

10. Straight tubes, having inwardly 
pressed grooves, and internal metal strips, 80 
and such that the gas velocities there- 
through are as claimed in Claims 1 to 9 
inclusive, and as described and illustrated 

in the accompanying drawings. 
Dated this 16th day of August 1939 
E. F. SPATWER. ' 
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